The reaction of furfural with secondary amines and isopropyl cyanoacetate leads to the formation of the previously unknown diisopropyl 8-(dialkylamino)-2,4-dicyano-3-(2-furyl)-6-oxobicyclo[3.2.1]octane-2,4-dicarboxylates. The tructure of the products was confirmed by NMR and X-ray analysis.
The proposed mechanism involves the formation of the deprotonated Stenhouse salt 2 from a secondary amine and furfural at first (Scheme 2). It should be noted that when furfural and cyanoacetic ester were put into the reaction simultaneously, the reaction led to the formation of the expected Knoevenagel products, 3-(2-furyl)-2-cyanoacrylates. We suppose that intermediate 2 further undergoes spontaneous Nazarov-type 4π-electrocyclization [17] to give 2,3-diaminocyclopentenones 3. The formation of 3 from furfural and amines is well known and described in recent literature (e,g, [18] [19] [20] [21] [22] [23] [24] [25] , see also the review by Piancatelli et al. [26] ). When furfural and isopropyl cyanoacetate were added to the reaction mixture, 3-(2-furyl)-2-cyanoacrylate 4 and Michael adduct 5 were formed sequentially. Under basic conditions compound 5 undergo the Michael addition to cyclopentenone 3 followed by carbocyclization of adduct 6, probably through the nucleophilic substitution of a secondary amine (Scheme 2). Scheme 2. Probable mechanism of the formation of 1.
The structure of compounds 1a,b was confirmed by means of IR and NMR 1 H/ 13 C data, as well as X-ray diffraction analysis for compound 1a (Fig. 1) .
Conclusion
In summary, we have discovered a new cascade reaction opening a new opportunity for synthesis of functionalized bicyclo[3.2.1]octanes from available reagents under one-pot conditions. The mechanistic details of the reaction, the scope and limitations will be reported elsewhere. A mixture of 0.83 ml (0.01 mol) of furfural and 0.02 mol of Et 2 NH in 96% EtOH (10 mL) was stirred for 2 hours. Then a mixture of 0.83 ml (0.01 mol) of furfural and 2.51 ml (0.02 mol) of isopropyl cyanoacetate was added to the solution under vigorous stirring. The reaction mass was maintained for 24 hours, the precipitated crystals were filtered off.
